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GLOSSARY

Anomaly : Departure from a regular condition. Specifically, in

ultrasonic nondestructive inspection a deviation from the regular

pattern of traces appearing in the hard-copy printout of the ultra-

sonic tire inspection system.

Anal)'sis : The act of inspecting the ultrasonic hard-copy printout,

listing the location and severity of anomalies as a function of

their probable impact on four discrete parts of the tire: tread,

belt, sidewall, carcass.

Defect : A latent condition within a failed tire found by non-

destructive inspection or failure analysis as the cause of a specific

failure

.

Failure : A tire which has been considered to have failed MVSS 109;

specifically, having one of the defects called out in that document:

cord separation, groove or liner cracks, loss of air. A tire can

be considered a failure when these defects can be proved to exist

by nondestructive means.

Failure Analysis : The act of sectioning and inspection of a tire

to identif)' the cause of failure of the tire.

Failure Mechanism : Tlic connection between a condition judged to

exist within a tire prior to its failure and the subsequent failure

of thattire.* *

Flaw : A characteristic within a tire which can be expected to lead

to its degradation and possible failure.

Singularity : An anomalous condition of a tire observed either

during visual inspection or during sectioning and analysis, with no

known link to degradation and failure.

*S.K. Clark, Mechanics of Pneumatic Tires, National Bureau of
Standards Monograph No. 122, Washington DC 20402, pp. 341-

354, 1971.
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1 INTRODUCTION AND SUMMARY

The principal objective o£ the study was to assess the capa-

bility of an ultrasonic nondestructive inspection system developed

at TSC to identify tire groups with a high propensity to failure

among the groups selected for the Compliance Test under MVSS 109.

A secondary objective was to assess the capability of the system

to identify changes caused by the Compliance Test. The tire popula-

tion used for the study consisted of 1440 tires purchased by the

NHTSA Office of Standards Enforcement.

The study demonstrated that all tires which failed the Com-

pliance Test had multiple anomalies detected previously by non-

destructive inspection (NDI), but that it was not possible, a

priori, to determine which of these anomalies would lead to failure.

A procedure was developed which utilized the results of the non-

destructive inspection and otlier factors to produce a grade or rank-

ing for each tire. By statistical analysis of the grade a threshold

was determined which separated the groups where tires passed the

Compliance Test from the groups where tires failed the Test. The

confidence level in the non-random nature of this threshold grade

is better than 99% (explained in Section 4).

The study also demonstrated tliat it is possible to identify

degradation of tires which have passed the Compliance Test by

subsequent nondestructive inspection.

2 STUDY PLAN

Under the first part of the study plan, as conceived initially,

it was intended to perform a first inspection cycle of all 1440

tires and to identify tires likely to fail the Compliance Test as

a result of anomalies detected by nondestructive inspection. From

experience over the past sev'^eral years, a Compliance Test failure

rate of 2.5% (36 tires) was expected; comparison of predicted and

actual failures was to be a measure of tlie validity of nondestructive

quality screening. This part of the initial study plan had to be

1



modified for the following reasons:

(1) The number of failures was only 11 (0.8%)

(2) All failed tires had multiple anomalies previously

detected by nondestructive inspection, but it was not

possible to identify, a priori, the specific anomalies

which would lead to failure.

Consequently, the study plan was modified to include the development

of a grading procedure which identified tire groups (12) which had

failed during wheel test. Since tire failures occurred in only the

first batch of 62 tire groups examined, the grading procedure was

confined to these 62 groups. The threshold grade assigned to a

group (1 = poor to 9 = excellent) separated groups containing

failures from those not containing failures. Statistical methods

were used to separate these two groups.

Under the second part of the study plan, all tires which

passed the Compliance Test were returned to TSC for a second non-

destructive inspection cycle to determine if any changes not pre-

viously detected had occurred or if the detected anomalies had

increased in size.

3 SYSTEM DESCRIPTION

Tire inspection by reflection ultrasound utilizes narrow band

pulses of acoustic energy, coupled to the tire by a water

envelope.^ ^ The tire-handling part of the system used for this

investigation is shown in Figure 3-1. It consists of a rotatable

spider with three arms. With one arm in the vertical position,

out of the water, a tire can be mounted and inflated. The arm is

then moved 120° into the water where the tire is spun to remove

bubbles and debris by higli pressure water jets. It is then moved

an additional 120° into the inspection position where it is rotated

(1) Feasibility of Higli Resolution Pulse-Echo Techniques for
Automobile Tire Inspection, Ryan,R.P., June 1973, DOT-TSC-NHTSA-
72-11, U . S . Department of Transportation, Interim Report.

(2) A Semi -Automated Pulse-Echo Ultrasonic System for Inspecting
Tires, Ryan, R.P., July 1977 ,

DOT-TSC-NHTSA-76-3, U. S. Department
of Transportat ion, Interim Report.
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through an array of transducers, shown in Figure 3-2 (shown out of

the water for clarity). The inspection scan requires about 20

seconds after which the tire is returned to the vertical position,

deflated, removed, and replaced by another tire for inspection.

Transducers are independently adjustable to ensure that the ultra-

sonic energy flux is perpendicular to the laminar structure of the

tire; the adjustment is carried out manually under water and re-

quires about 30 minutes. No further adjustment is required for a

sequence of similar tires from the same manufacturer. The location

of transducers around a typical tire is shown in Figure 3-3.

Figure 3-4 is a printout of the display produced by the inspection

system. Along the horizontal axis of the display, there are twenty

channels of information, one from eacli transducer. Channels

designated 2-6 cover the serial -number sidewall, channels 7-9
one shoulder, channels 10 - 13 the tread center, channels 14 - 16

the other shoulder and channels 17 - 21 tlie other sidewall. The

vertical axis of the display represents the 360° clockwise rotation

of the tire when viewed from the serial -number side, with 0° at the

top, 180° half-way down and 360° at the bottom.

4 ANALYSIS OF NONDESTRUCTIVE INSPECTION DATA

The 1440 tires used in the study were purchased by the NMTSA

Office of Standards Enforcement. They were inspected non-

destruct ively at TSC before undergoing tests at the Compliance

Laboratories and were then returned to TSC where the tires which

failed the Compliance Test were inspected visually to determine if

the cause of failure could be related to anomalies identified in

prior nondestructive inspection. The tires which passed the

Compliance Test were inspected visually and nondestruct ively a

second time.

The printouts of the ini t ial nondestruct ive ins pect ion we re

analy zed and graded as described in Appendix A, on a scale from

1 to 9, relative to the quali ty 0 f four tire compone nt s : t read
,

belts
,
sidewalls ,and carcass. Th e individual grades for al 1 the

tires are listed in Appendix B. The particul ars of the fai led

3



FIGURE 3-1. ULTRASONIC INSPECTION SYSTEM

FIGURE 3-2. TRANSDUCER ARRAY
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tires and their individual grades are listed in Table 4-1. Seven

tires had grades of 6 or less. The other 4 have higher grades and

there appears to be no clear-cut relationship between the grade of

individual tires and specific tire failure. However, if the tires

are considered in groups of twelve, then the grades of the 62

groups indicate that all the failed tires belong to the groups

listed in Table 4-2 where at least one tire had a grade of 6 or

less. This observation suggests that a threshold grade of 6 or

less for one or more tires in a group signals a potential failure

of that group. The confidence level in the non-random result

obtained if tire groups are selected in this manner was obtained

by the y "t^st of independence^ ’ as follows:

Let R = number of groups having one or more tires with the as-
tl

signed threshold grade or less
,
and at least one tire

which failed Compliance Tests

= Lumber of groups having all tires with grades greater than

the threshold and at least one Compliance Test failure.

S, = lumber of groups having one or more tires with a threshold

of 0.5 or below and no Compliance Test failure.

- number of groups having all tires with grades greater than

the threshold and no Compliance Test failures,

n = total number of tire groups

Then, x' = " ~ W-ji'

2
The confidence level is obtained from tabulated values of y •

Threshold grades for all groups are presented in Table 4-3, from

which the quantities R
,

S
, R,

,
and S, can be obtained. Values

2
3- 3. 0 D

of y for threshold grades of 6, 5 and 4 are given in Table 4-4,

ivhich shows that highest confidence level is obtained for the

threshold value of 5.

(3)"Experimental Statistics, N.B.S. Handbook 91, October 1966,
p. 8-16, p. T-4.
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TABLE 4-2 PARTICULARS OF GROUPS CONTAINING
COMPLIANCE TEST FAILURES

GROUP BRAND
GRADE
FA I LEE

OF
1 TIRE(S)

NUMBER OF GRADES
FOR GROUP

T B S C * 6 5 4

23 Riviera 9, 9, 8, 7 0 1 0

45 Cheetah 8, 7, 4, 4 2 0 2

46 Cheetah 7, 6, 6 , 6
10 3 0

7 , 6 , 6 , 5

50 Delta 8, 7, 6, 7

7, 7, 5, 6 10 2 0

8, 8, 8, 7

51 Saratoga 8, 5, 6 6 1 0

62 Se iber 1 ing 8, 7, 7
2 1 0

9, 9, 8

61 Se iber 1 ing 4, 6

,

8 9 2 1

* T = Tread

B = Belts

S = Sidewalls

C = Carcass

9



TABLE 4-3. THRESHOLD GRADES FOR ALL GROUPS

FAIL BEL06 bEL09 BEL07 CROUP

0 3 0 10 1

0 4 0 7 2

0 1 1 5 3

0 0 0 1 4

0 0 0 1 9

0 0 0 0 6

0 0 0 2 7

0 1 0 7 e

0 1 0 3 9

0 0 0 0 10
0 0 0 3 11

0 1 0 3 12
0 0 0 0 13
0 0 0 0 14
0 0 0 2 15
0 0 0 0 16
0 0 0 0 17

0 0 0 2 18

0 0 0 s 19
0 3 0 9 20
0 0 0 t 21
0 0 0 0 22
1 i 0 1 23
0 1 0 1 24
0 2 1 2 25
0 0 0 1 26
0 0 0 3 27

fail
-

BEL06 UFLOS BEL07 GROUP

0 2 0 10 28
0 0 0 2 29

0 1 0 1 30
0 7 2 11 31
0 0 0 2 32
0 0 0 0 33
0 0 0 5 34
0 0 0 1 35
0 0 0 3 36
0 1 0 3 37
0 0 0 0 38

0 0 0 2 39
0 2 0 9 40
0 0 0 0 41
0 0 0 6 42

(1 u 0 1 43
0 0 0 0 44
1 1 2 2 45
2 3 0 6 46
0 1 0 7 47
0 2 0 5 48
0 1 0 9 49
3 2 0 7 50
t 2 0 5 51
0 0 0 1 52
0 0 0 1 53
0 0 n 4 54

FAIL RtL06 bELOS BELU7 GROUP

0 4 1 t 55
0 2 0 10 56
0 0 0 3 57
0 I 0 4 58
0 1 0 6 59
0 0 0 2 bO
1 1 0 2 bl
2 3 1 7 62

10



TABLE 4-4 ELEMENTS FOR STATISTICAL COMPUTATION

THRESHOLD
GRADE

R
a Sa

''b

2
X CONFIDENCE

LEVELS

6 7 44 0 11 0.61 a 44

5 7 21 0 34 7.25 %99

4 2 4 5 51 1.25 %50

II



Among the 21 groups having tires \vith threshold grades of 5

or less but no compliance failures, three brands had the largest

number of low grades and the following comments apply.

Uniroyal . Construction of Uniroyal and BIG-0 (also made by

Uniroyal) is two-ply polyester, two steel belts, and a nylon

breaker over the belts. The purpose of the breaker is to hold

the belt edges down and prevent belt edge separation. This is

Uniroyal's premium tire and as far as is known has performed over

a number of years in a satisfactory manner on the Compliance Tests

and in road service. It is manufactured under a proprietary process
involving automatic builders. These builders leave an exceptionally

long splice on the belts and this long splice plus the force

exerted by the nylon breaker leaves an ultrasonically dense region

in the splice area. This region is shown in Figure 4-1 as a typical

singularity/ shadow system as defined in Appendix A. For this reason
the Uniroyal grades are lower than performance indicates.

Interstate . A careful examination has revealed no substantive

irregularities in these tires nor any information as to why their

grades should be so low. More information is required on these

tires and their ultrasonic characteristics.

Valiant . The Valiant tires are reported to have passed MVSS109

in 1977, however the results of visual inspection show several

serious flaws which WERE DETECTED BY NONDESTRUCTIVE AND VISUAL

INSPECTION AFTER THE TIRES WERE RETURNED TO TSC ON COMPLETION OF

THE COMPLIANCE TESTS. OBSERVATIONS ON FOUR OF THESE TIRES WHICH

PASSED THE COMPLIANCE TEST ARE GIVEN IN TABLE 4-5.

12



FIGURE 4-1. PRINTOUT OF UNIROYAL
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TABLE

4-5

FLAWS

OF

VALIANTS

AFTER

COMPLIANCE

TEST
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5 NONDESTRUCTIVE AND VISUAL INSPECTION

SUBSEQUENT TO COMPLIANCE TESTING

The printouts from nondestructive inspection before and after

the Complaince Test were compared and analyzed. Table 5-1 lists

the 43 tires from 19 groups where changes were observed. Most of

these changes were due to changes in tire shape which occurred

during the Compliance Test, but did not impair tire quality. In

eight cases, the changes were considered sufficiently serious

(i.e., safety related) to warrant sectioning; the findings are

reported in Appendix C. The results of visual inspection of tires

with notations from the Compliance Laboratories regarding anomalies

are given in Appendix D which also contains additional data for

the two groups of Valiants which had low grades.

From the inspection subsequent to the Compliance Tests, it was

concluded that the grading standard should be lowered when in-

clusions are observed in radial tires and that additional study is

necessary to improve the grading methodology related to tires i\^ith

uneven splices.

G CONCLUSIONS

The study demonstrated that nondestructive inspection can

identify anomalies in tires which may ultimately lead to Compliance

Test failures, but that in the present case only 11 tires in 336

so identified failed the Compliance Test. In order to relate

failures to nondestructive inspection results, a methodology was

developed which relates tire failures to a tlireshold grade for each

tire group of twelve tires with a high level of confidence. Be-

cause the failure rate of the population was less than 1", it will

be necessary to conduct a similar large quantity tire study for

refinement of the grading methodology. It might then be possible

to select only tliose groups for Compliance Tests which are graded

below a decisive threshold, obviating tlie need to test sound tire

groups. In the present case only 28 out of 62 groups would have

been so selected, witli a saving to NIITSA in tire purchase and

testing fees in excess of 5100,000.

15



TABLE 5-1. ORIGINAL
TEST.

GRADES

0 OBS. T B S

0 29 8 4 5

0 121 8 7 7

0 123 7 6 7

0 223 8 6 7

0 227 9 7 8

0 232 8 7 5

0 250 7 8 7

0 265 9 9 8

0 267 9 7 8

0 268 8 7 7

0 269 8 8 7

0 272 9 7 5

0 276 9 8 7

0 111 8 8 7

0 278 8 8 8

0 281 9 8 7

0 286 8 9 7

0 287 8 7 7

0 299 9 5 5

0 325 9 6 9

0 327 9 6 9

0 335 8 6 8

0 360 9 8 8

0 362 5 5 6

0 363 6 5 7

0 365 7 6 8

0 380 9 8 8

0 381 9 8 9

0 385 9 8 7

0 386 9 8 7

0 391 8 7 7

0 396 9 8 7

0 458 9 7 9

0 460 7 7 7

0 483 9 8 9

0 486 9 9 8

0 512 9 8 7

0 579 7 6 7

0 580 8 5 6

0 583 8 6 6

0 591 8 7 6

0 592 8 7 7

0 595 9 7 8

0 599 8 8 8

0 615 9 0 7

0 616 9 0 8

0 620 9 0 7

0 622 8 0 7

0 624 8 0 6

0 712 9 0 8

0 719 9 0 8

DEGRADED BY THE COMPLIANCE

GROUP TIRE BRAND

3 27B 1,ARANIE
11 2163B EMPEROR
12 2301B FALCON
i9 88B UNITED
19 90B UNITED
20 lie TRIUMPH
21 59C SEARS
23 7061B RIVIERA
23 62B RIVIERA
23 620 RIVIERA
23 63B RIVIERA
23 64C RIVIERA
23 66C RIVERIA
24 2061B RIVIERA
24 610 RIVIERA
24 63B RIVIERA
24 650 RIVIERA
24 66B RIVIERA
25 72B CORDOVAN
28 2229B MUSTANG
28 30B MUSTANG
28 34B MUSTANG
30 880 UNION
31 490 UN IROYAL
31 50B UN IROYAL
31 51B UN IROYAL
32 900 BIG 0

32 91B BIG 0

33 7043B AVALON
33 430 AVALON
33 46B AVALON
33 480 AVALON
39 950 MACH 7

39 960 MACH 7

41 92B LEE
41 930 LEE
43 620 FIRESTONE
49 56B DELTA
49 560 DELTA

49 58B DELTA
50 56B DELTA
50 560 DELTA

50 58B DELTA
50 60B DELTA
52 38B SARATOGA
52 380 SARATOGA
52 400 SARATOGA

52 410 SARATOGA
52 420 SARATOGA
60 740 OBI

60 78B OBI

TIRES

c

6

7

7

6

8

6

7

7

8

8

8

7

9

7

9

8

8

8

9

8

8

8

8

6

7

8

8

8

8

7

7

7

8

8

9

9

8

7

7

6

7

8

7

7

7

7

7

7

8

8

9
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The study also demonstrated that degradation from Compliance

Tests can be identified by nondestructive inspection. Forty-three

tires were identified in this manner.

Eight tires were found to have flaws, not detected by the

Compliance Test, which violated the letter of FMVSS109. This

demonstrates that NDI can identify tires in a group, in addition

to those that fail the Compliance Test (such as Valiants)
,

wlrich

Id provide sufficient supporting evidence to make a case forwou

recall of an otherwise marginal tire.
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APPENDIX A

Procedure for Analysis of Nondestructive Inspection Data

M. P . Byrne

The analysis of the printouts was performed by individuals

trained in data interpretation but having no knowledge of tire tech-

nology. A form (Figure Al) was devised and then completed for each

tire in the population. It lists the identification number,

manufacturer, construction, ply material, and belt material.

Across the top of the form, numbers 2 to 21 correspond to the 20

transducer channels on the printout. On the right side of the form

are ten inspection criteria. Some of these criteria apply to

individual channels, others apply to combinations of channels. A

whole-number scoring value from 1 = poor to 9 = excellent is

entered into the appropriate blocks by the evaluator. The in-

spection criteria and transducer channels to which they apply are

defined below:

Data Quality (combination of all channels')

Degree of clarity and focus of traces, black and white detail and

gray shades (good quality - Figure A-2; poor quality. Figure A-5).

Registration (combination of all channels)

In some cases it is desirable to superimpose traces as in”before and

after" data on the same tire. It is therefore necessary to have the

0=0 location always at the top of the display. When this does not

occur, it is called a registration error. Figure 4 shows two examples

of this condition on the same tire.

Turnup Modulation (channels 2 and 21)

Abrupt brightness change (Figure A-5). It is caused by over 1 aiqi ing

or separation of material near the tire beads.

Indus ion (all channels)

A lack of reflection from several depths and generally present in

more than one cliannel (see Figure A-6)
,
not to be confused witli a

single trace separation or fading of a trace. It is caused by a

hole or foreign material in the tire structure.
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Singularity/ Shadow (all channels)

A bright spot adjacent to a shadow (Figure A-7). It is caused by

a separation or other discontinuity.

Radial Runout (channel 10)

Skewed or wavy trace (Figure A-8). Caused by "out of roundness'';

the resulting "high spot" passes closer to transducer #10 than the

remainder of the tire.

Lateral Runout (channels 5 and 18)

U'avy trace (Figure A-9) . Caused by a change in tire width.

Intensity Change (all channels)

Abrupt brightness change (Figure A-10). Caused by a change of

material thickness.

Trace Discontinuity (all clianneis)

Interruption of a trace (Figur^' A-11), not to be confused with an

inclusion which is usually indicated in more tlian one channel. It

is caused by abnormal displacement of material.

Shape Discontinuity (all channels)

Abrupt change of shape of trace (Figure A-12). It is caused by

excess of material or distorted ply structure.

The scores for tread, belts, sidewall, and carcass are derived

from the above inspection criteria, taking all factors known about

the tire into account. An experienced tire inspector can readily

be trained for this task.
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FIGURE A-10. INTENSITY CHANGE

17
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APPENDIX B

Grading of NDI Printouts

A.J. Scapicchio, M.P. Byrne, G.
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APPENDIX C

Sectioning Data

A.J. Scapicchio
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Sumitomo - D7S 2251C

Sonograph shows 2 trace discontinuities or singularity/ shadows at

the following coordinates:

e 140/4)270

6 270/4)270

In both places an 8” wall section was cut into 1/2” strips

beginning at the lower shoulder and extending to the turn-up.

At each of these coordinates, one spread cord was discovered.

This could have been the spread cord mentioned, or a splice with

no overlap.

In any case, the patterns are identical and they were found

exactly where the sonograph indicated a suspicious area. Photos

of the sonograph and of the tire class section were taken and are

available

.

Sumitomo - D7S 2250B

Sonograph shows a significant radial run-out across the tread.

The tread width was cut open in several places at and around

the area indicated by the sonograph; examination was made with

X-ray as well, but nothing was seen.

Sumitomo- D7S 2252C

The sonograph indicates a singularity shadow at 6 310/4) 270.

As in tire 2251C, the side wall at this coordinate, was cut

open and a "rubber-rich” carcass splice was discovered at this spot.

Photographs of the sonograph and the problem area were taken

and are available.

D7S 2359C Sears Radial

2 steel belts

2 polyester plys

Suspicious areas at 6 200/4> 100 and 0105/4)270 .
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The tire was cut open and the side wall in the two areas was

cut into strips 1/4" to 3/8” wide - nothing was found.

D7S 2230B Mustang Radial

2 polyester plys

2 steel belts

)285/(j)130

1285/(1)225

extensive areas in and around these

nothing was found.coordinates were 'sect ioned and examined -

B75 7163B Emperor

Radial 2 polyester plys

2 glass belts

6320/(})22 5 - Separation l/2"x 2 3/4".

The separation is at the cap junction. The separation falls

at the edge of the #2 belt. A photo was taken and is attached to

the data package.

D7S 2327B Laramie

2 glass belts

1 steel belt

A suspicious area at 6090/(1)080 was the result of an undulating

turn up. At this particular coordinate, a ply of the turn-up ended

abruptly as seen in a photo of the cross section.

0180/(1)135 - the sonograph shows a belt edge separation. It is

in the glass belt edge that the problem lies, and it actually turns

out to be a loosening or socketing of the cords.

D7S 2338B Saratoga

4 ply polyester

At 6060/(1)110 - 12" of the sidewall, with its center at 6060,

was cut into 1/8" to 1/4" strips - nothing was found.

Another suspicious area at 0090 - 014O/(})255 was cut into

strips as well, but nothing was found there either.
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APPENDIX D

Visual Inspection Data o£ Tires With Notations
From the Compliance Testing Laboratories Reporting
Anomalies (includes all failed tires)

A.J. Scapicchio and G. Berube
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Sieberl ing D7S2108C-

Tread to carcass separations - Separations exist in both

shoulders

;

Whitewall Shoulder - between 6150 and 0300 large separations about

10” to 12” long.

Blackwall Shoulder - Pockets o£ smaller, isolated separations ex-

tend around the circumference. Sporadic porosity in both shoulders,

the heavier concentration located on the W/W side at the above loc-

cations. It can be reasonably assumed that the existing porosity

seriously impaired the bond integrity between tread rubber and car-

cass. Because shoulders are high stress areas, the inevitable flexing

and heat generation degraded and eroded what little physical bond

remained and resulted in massive separations.

Sieberling B7S7106B

Side wall failure at 0190/4)270.

There is a strong possibility that suggests the failure was

caused by an open splice in the side wall. This effectively

created a distinct and concentrated weakness at tliis point. It

is especially severe because of its side wall location. In

addition, a small crack developed at this very location during

the wheel test. The mechanism by which the crack developed may

be due , in part, to the existing weakness in the open splice and

to its location, a high flex area.

Sieberling B7S7108C

A ragged crack appeared in the sidewall. It was open to the

fourth ply layer , and its location was 0170/4)090 . It appears to

have been made by a foreign object that penetrated the cover

rubber. It is difficult, however
,

to accurately determine wliat

kind of object it was and exactly how it penetrated.

United D7S2085C

Nail 6300/4)220

Liner defect 0600/4)180
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A ring shank nail (1-1/4" long) penetrated the tire at

6300/<|)220. The nail entered at an angle parallel to the tread

surface and perpendicular to the sidewall. It exited through the

1 iner

.

The liner has a molding defect. A strip of stray flashing

became lodged between the butyl bladder and the tire preform during

the molding process. The strip created a linear impression in the

liner 9” long and approximately 1/4" deep. There are ply cords at

the base of the impression that are partially exposed.

Saratoga B7S7341B

Rupture of the sidewall cover rubber measuring about 9"x5" and

located at 6350/<t>090.

Through a series of long liner cracks, extending 360° around

the black wall shoulder, air passed from the inner chamber through

the ply structure and separated the cover rubber from the #4 ply.

As more air passed into the separation the more the cover grew or

ballooned until finally it burst.

Douglas D7S2155C

Rim Leak; there are n£ visible defects that could be attributed

to the tire's inability to hold air.

There is some bead toe damage at 6060/(i)300 - it is the result

of mounting and dismounting but would not contribute to a rim

leak

.

Cheetah D7S2199B ^ D7S2204B

The side wall came apart at the shoulder line, severing itself

from the carcass (both tires).

The failure was caused by a misaligned belt system that brought

the belt edges deep into the shoulder area. It considerably

stiffened the shoulder , creating severe stresses and heat build-up.

The heat generated as a result , contributed greatly to the dis-

integration and failure. The failure is a "hinge point failure".
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Cheetah B7S7201B

Blow-out about 2"x2” at 0140/0235. This tire is a ’'blem".

During the normal course of buffing side walls to correct runout,

this tire was buffed, cutting into the ply structure.

Number 2 ply was mutilated at the point where the failure

occurred. A separation was created, became enlarged, and propagated

to, and beyond, the belt edge, and down to the white wall. The

area was seriously weakened and ultimately failed.

Rivier a B7S7061B

Wing failures at:

0060/0135 - 5”x3/4"

0110/0135 - 2”xl”

These are open-type separations that occurred at the edges of

the tread cap (at the shoulder line) . Visual examination revealed

that the separations were probably the result of contamination

that prevented an integral bond between tread cap and tread base.

Inspection under low magnification showed both surfaces to be ex-

tremely smooth and the bond, at no time* to be ever more than

superficial

.

Initial ultrasonic inspection indicated small inclusions in

these areas. These manufacturing flaws led to ultimate failure

under the flexing and heating during the wheel test.

Delta D7S2059B

A hole in the lower side wall 0165/0300.

The tire was not capable of holding air due to a cut in the

cover rubber at the turn-up.

As the area was examined and probed further, a disrupted cord

structure could be seen. Observation of the liner, in that area,

revealed a crack through which air could escape.

Delta D7S2060B

At 0150/0300; a cut in the cover rubber in the turn-up area.

The cut is superficial and there was no cord or liner damage noted.

The tire was able to maintain air pressure and cannot be considered

a failure.
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It is difficult, however, to determine what caused the cut.

Delta D752056B

At 025O/<(>3OO; a cut in the cover rubber - in the turn up area.

The cut, as in the Delta tire D7S2060B, was entirely super-

ficial with no further damage to cord or liner. It did not lose

air pressure and cannot be considered as having failed.

Valiant B7S7132B

Areas showing heat discoloration just above the beads in the

turn-up areas.

0080/4300 - 2”x2 1/2”

0220/4300 - l”x2 1/2”

B7S7131C

The liner, under the tread crown, is dotted with small liner

cracks in a random pattern. The cracks appear in an area beginning

at 0240 and ending at 0050 with the phi coordinate at 4180.

B7S7131B

0 290/4)210 - an area of tread surface measuring 3"x6'' shows

evidence of high heat exposure. The surface appears to have become

crystallized under the heat, taking on a look of porcelain. The

durometer in this area measured 88.

The undertread, as seen from the groove bottoms, reveals a

network of cracks as the tire is deflected.

031O/4>23O in the high wall region - length of about 19” has

been dressed (ground off)
, perhaps to correct for lateral run out.

Although not labeled as such, the tire may have been a "blem”.

D7S2127C

0060/4000 (B/W side)

Damaged bead face - the damage is in the nature of a small

chunk-out (1/2” x 1/2”) , essentially located on the face of the bead

but continuing into the bead heel. It is possible that the damage

would prevent the establishment of a continuous seal between head

and rim, creating a potential leak source. The damage is probably

the result of poor mounting techniques.
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D7S2127B

0O15/<f)OOO B/W bead

ei30/(j)330 W/W bead

D7S2129B 00335 to 4-000 B/W bead

Both of the above tires have bead toe damage resulting from

mounting and dismounting. The damage is minor and would probably

present no problem to the tire.

D7S2131B

Bead damage - a molding defect at 0060/0000 B/W on the bead

heel. The damage, approximately 4” long, exposes turn-up fabric,

and although it does not appear to be serious, it could be a

potential leak source.

D7S2132B

Bead damage 0125/0000 B/W. The damage is a molding defect

located at the bead heel. A length of skin rubber, approximately

3 1/2” long, became stuck to the mold; when removing the tire after

curing, the rubber was torn away from the bead heel exposing a

portion of the turn-up fabric.

The number and character of the defects found in some of the

24 Valiants could have been related to mold curing. A decision was

therefore made to obtain rubber hardness readings on every tire.

Average durometer was 69.23 with a standard deviation of 1.25.

B7S7128B

(1) Four liner separations about 3/8” to 1/2” in diameter
at the following locations;

0195/0250

0215/4>25O

023Q/025O
0260/0250

(2) Minor bead toe damage e 000/0330 , the result of bad mounting
and dismounting technique.
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(3) Serial number located on the W/W side of the tire.

B7S7130C

Evidence of buffed sidewall from 027O/<#>O6O on the white side-

wall side. Buffing is cosmetic and will not affect tire per-

formance .
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